INTRODUCTION
In this guide, we discuss Neogene rhyolite and Quatemary basalt on the eastern Snake River Plain and along its margins. The physical processes and deposits of explosive volcanism are emphasized, including rhyolite ignimbrites (ash-flow tuffs) and basaltic hydrovolcanic features that formed during interaction between basic magma and external water. Figure 1 is an index map for the field trip, which has nine stops and is intended to take two days. The first day covers rhyolitic and basaltic deposits along the southern margin of the eastern Snake River Plain from Idaho Falls to Heise and along the South Fork of the Snake River (Stops l-5). The second day includes basaltic tuffs of the Menan volcanic complex near Rexburg and rhyolitic tuffs along the northern margin of the eastern Snake River Plain from Dubois to Howe Point (Stops 6-9).
The Snake River Plain is the dominant geomorphic feature of southern Idaho and covers nearly a quarter of the state. Volcanic and sedimentary rocks form a 40-to 60-mile-wide, arcuate belt that extends about 400 miles from the Idaho-Oregon border to Yellowstone National Park. A remarkable feature of the Snake River Plain is that the rhyolitic volcanism generally becomes younger from southwest to northeast (Armstrong and others, 1975) (Fig. 2) . This has led to speculation that the eastern Snake River Plain is the trace of a mantle plume beneath western North America or the tip of an eastward- propagating lithospheric fracture (Christiansen and McKee, 1978) . In either case, Tertiary rhyolites of the Snake River Plain are now largely covered by Quaternary basalts and the focus of Quaternary rhyolite volcanism has been the Yellowstone Plateau-Island Park region, where comparatively small volumes of basaltic lava have erupted.
Neogene rhyolitic ash-flow tuffs and lava flows are the most voluminous and widespread volcanic deposits of the Snake River Plain. Recent work on these rhyolites includes Kellogg and Embree (1986) , Kellogg and Marvin (1988) and Bonnichsen and others (1988, this volume) . In this guide, we discuss late Miocene to early Pliocene rhyolites that are present around the eastern Snake River Plain, from Idaho Falls to the Teton Range on the southern margin of the plain and from the Centennial Mountains to the Pioneer Mountains along its northern margin.
NEOGENE RHYOLITIC VOLCANISM OF THE EASTERN SNAKE RIVER PLAIN
A stratigraphic sequence and regional correlations have been established for three voluminous and extensive ignimbrites of the eastern Snake River Plain, ranging in age from 4.3 to 6.5 Ma. This stratigraphic package of densely welded ignimbrite sheets, together with associated volcanic rocks and sediments, forms the Heise volcanic field (Morgan and others, 1984) which is analogous in its development to the adjacent Quatemary Yellowstone Plateau volcanic field to the northeast (Christiansen and Blank, 1972; Christiansen, 1984) . BSB is Big Southern Butte, a Pleistocene rhyolite dome (Spear and King, 1982) ; EB is East Butte, also an eroded rhyolite dome; MB is Middle Butte, a tilted block of basalt lavas that were probably uplifted by a Pleistocene rhyolitic cryptodome.
Thirty years of local studies on Tertiary rhyolites around the eastern Snake River Plain have produced the complex "previous nomenclature" that is outlined in Table 1 . Regional correlation of major ignimbrites from the Heise volcanic field has recently been accomplished with the aid of paleomagnetic remanent directions, radiometric ages, geochemistry, stratigraphic position, the compositions, sizes and relative abundances of phenocrysts, and macroscopic lithology. These correlations (e.g., Morgan and others, 1984; Morgan, 1988a) lead to the simpler terminology that is given under "present nomenclature" in Table 1 . Formal stratigraphic names will soon be introduced (Morgan, 1988b and unpublished data), but we use the established terminology of Morgan and others (1984) throughout this guide.
Deposits of the Heise volcanic field cover more than 35,000 square kilometers in southeastern Idaho. Exposures are mostly limited to the mountains along the margins of the eastern Snake River Plain, but correlative rhyolitic units have also been identified in subsurface boreholes drilled through Quatemary basalt on the plain (Doherty and others, 1979) . The three widespread ignimbrites of the Heise volcanic field are the 6.5 Ma tuff of Blacktail, the 6.0 Ma tuff of Blue Creek, and the 4.3 Ma tuff of Kilgore. In many places, these major ignimbrite sheets are found together as a stratigraphic package with local intercalated rhyolite lava flows, smaller ignimbrites, pyroclastic fall deposits, basaltic lava flows and tephra, and sediments. Although facies variations occur, all three of the major ignimbrites are composed of densely welded, crystal-poor, high-silica peraluminous rhyolite.
The three widespread ignimbrites of the Heise volcanic field are inferred to have erupted from major calderas that are now largely buried beneath Quatemary basalts of the eastern Snake River Plain (Fig. 3) Figure 2 . Age-distance relationships of rhyolite and basalt of the eastern Snake River Plain. Modified from Armstrong and others, 1975. which the later calderas were either nested or largely overlapped. The second major event, perhaps a phase of The dimensions of Neogene calderas beneath the the initial event, produced the smaller, nested Blue Creek eastern Snake River Plain are not accurately known caldera from which the tuff of Blue Creek erupted. A because of burial by Quatemary basalts and because third major eruption produced the immense plainwide most rhyolite exposures occur along the margins of the Kilgore caldera, the source of the tuff of Kilgore plain. However, careful study of the lateral variations in (Morgan, 1988a) . Important evidence of these inferred ignimbrite geometry and lithology allow inference of the source calderas is found along both margins of the directions and approximate distances to the source eastern Snake River Plain, in the Poplar-Heise area on to infer the locations of the source calderas that are shown in Figure 3 . The estimated volumes of the Table 1 . Stratigraphic nomenclature for the three major ignimbrites of the Heise volcanic field. References: 1, Scholten and others (1955) ; 2, Stearns and IsotoJf (1956); 3, Carr and Trimble (1963) ; 4, Albee and others (1975); 5, Christiansen and Love (1978); 6, Prostka and Embree (1978); 7, Skipp and others (1979); 8, McBroome (1981); 9, McBroome and others (1981) ; 10, Morgan and others (1984); 11, Morgan (1988a) . Previous correlation of the tuff of Elkhorn Spring with the tu# of Blue Creek (MeBroome and others, 1981; Morgan and others, 1984) is now known to be erroneous, and the true correlation is between the tuff of Elkhorn Spring and the t&f of Kilgore (Morgan, 1988a) . See Figure 3 for locations of inferred source calderas. Morgan and others, 1984) and Yel;lowstone Plateau volcanic field (Christiansen, 1984 Neogene Heise ignimbrites are comparable with those of the Quaternary Yellowstone ignimbrites (Fig. 4) . We therefore suggest that the buried Heise calderas have dimensions comparable to those of the better-exposed Yellowstone Plateau volcanic field.
QUATERNARY BASALTIC VOLCANISM
Basalts and sediments of the eastern Snake River Plain are part of the Snake River Group, a stratigraphic unit composed largely of tholeiitic basalt lava flows that erupted during the past 2 million years (Fig. 2) . Typical landforms of Quatemary basaltic volcanism on the eastern Snake River Plain are illustrated in Figure 5 . Basaltic volcanism has generally been effusive, with lava flows erupted from broad, low, central-vent shield volcanoes and from fissures; many flows were fed by major lava tubes. Small shield volcanoes are typical of the eastern Snake River Plain, each having slope angles less than 0.5 degree, covering tens to hundreds of square kilometers, and composed almost entirely of fluid basalt lava flows. Cinder cones are relatively uncommon on the eastern Snake River Plain and most are confined to volcanic rift zones where viscous, differentiated magma erupted, such as at the Craters of the Moon lava field (Kuntz and others, 1988; Stephens, 1988, this volume) .
Quaternary basalt vents of the eastern Snake River Plain commonly form linear arrays of fissure flows, small shields, spatter and cinder cones, pit craters and open cracks. These features define north-northwesttrending volcanic rift zones that are parallel to the faultbounded margins of the surrounding basin and range mountains. Most recently active was the Great Rift (Kuntz and others, 1986; 1988) , where Holocene eruptions occurred at the Craters of the Moon and several other lava fields. Holocene lava flows also erupted locally along several other rift zones of the eastern Snake River Plain, but most of the volcanism is Pleistocene in age (Kuntz, 1978a,b; Kuntz and Dalrymple, 1979; Kuntz and others, 1979 ).
An important geological feature of the eastern Snake River Plain is the voluminous Snake River Plain aquifer (Whitehead, 1986; Wood and Low, 1986) . The aquifer is largely hosted by Quatemary basalt lava flows and intercalated sediments. It underlies 28,000 square kilometers of the eastern Snake River Plain, and its recharge area in the surrounding basin and range mountains covers 65,000 square kilometers. The annual recharge and discharge are currently about 8 million acre-feet, and the storage capacity is estimated to be about equal to the present volume of Lake Erie (U. S . Geological Survey Adapted from Christiansen, 1984. data). In prehistoric times, the aquifer was fed mostly by underflow through the surrounding alluvium-filled valleys, and by infiltration of surface runoff. Since the early 19OOs, an additional source of recharge has been the percolation of irrigation water diverted from the Snake River and its tributary streams.
Hydrovolcanic constructs have formed on and around the eastern Snake River Plain as a result of interaction between basaltic magma and shallow ground water (King, 1982; Womer and others, 1982; Hackett and others, 1987) . Tuff cones, tuff rings and phreatic explosion craters range from late Miocene (e.g., Massacre volcanic complex; Luessen, 1987a; through Pleistocene (e.g., Menan volcanic complex; Ferdock and Hackett, 1986; Ferdock, 1987; Creighton, 1987; and Conant Valley volcanics; Jobin and Schroeder, 1964; Roberts, 1981 ; this paper) and Holocene in age (e.g., Kings Bowl; King, 1982) .
Depth and availability of ground water are major factors controlling the locations, lithologies and vol- umes of hydrovolcanic constructs on the eastern Snake River Plain. In addition to the depth of the water table, the lithology of the aquifer (which affects permeability) is also an important factor. Large Pleistocene basaltic hydrovolcanic complexes such as Massacre, Menan, and Conant Valley occur along the southern margin of the Snake River Plain, near the Snake River and where the aquifer is shallow and voluminous. Large tuff cones and rings formed most commonly on permeable, weakly cemented alluvial deposits. In contrast, hydrovolcanic features rarely occur and are small in volume on the northern part of the eastern Snake River Plain, where the water table is deep (in many places greater than 300 m; Whitehead, 1986) and the aquifer is hosted by fracture-permeable basalt lava flows.
Tuffs, tuffaceous sediments and pillow lavas of the Conant Valley volcanics ( (Fig. 6 ) is a stratigraphic section along the rim of the Blacktail caldera (Morgan, 1988a) . At the boat ramp is an important exposure of the tuff of Blacktail, the 6.5 Ma ignimbrite of the Heise volcanic field (Morgan and others, 1984;  see below for more detailed discussion).
At the Stop 1 road cut, two members of the 2.1 Ma (Christiansen and Blank, 1972; Christiansen, 1984) Huckleberry Ridge Tuff form the top of the exposure and cap the hill. The lower Member A is nonwelded and poorly sorted, and it grades from tan at the base to pink at the top. Member A is separated from overlying Member B by a fines-depleted, lithic-and pumice-rich layer that ranges from 1 cm to 12 cm in thickness. Member B contains a pumice concentration zone about 18 cm from its base, and the upper part is pink, platy and crystal-poor. The Huckleberry Ridge Tuff rests conformably on a sequence of intercalated fine, planarbedded lacustrine ash units, and pumiceous surge deposits with complex bed forms (Fig. 7) . These deposits in turn rest unconformably on the tuff of Wolverine Creek, a local, nonwelded, obsidian-rich ignimbrite.
At this locality the tuff of Wolverine Creek contains crystal-and obsidian-rich, fines-depleted elutriation pipes (Fig. 8) , together with pods of laminated, obsidian-rich ignimbrite that have abrupt terminations and softsediment deformation features (Fig. 9) . The laminated pods may be xenoliths of an earlier pyroclastic flow that remained coherent when picked up and incorporated in later emplacement units of the tuff of Wolverine Creek.
Drive or walk downhill to the boat ramp, where an excellent section of the tuff of Blacktail is exposed (Fig.  6 ). At the boat ramp the tuff is a relatively thin (about 8-l 1 meters) and undeformed outflow facies ignimbrite composed of a basal vitrophyre (exposed only when water level is low), a devitrified, densely welded interior, a massive vapor-phase zone, a lithophysal zone, and a cap of black, densely welded vitrophyre. A 50 centimeter thick, red ash deposit overlies the black vitrophyre.
A few hundred meters northeast of the boat ramp the tuff of Blacktail becomes greatly thickened (>150 m), is silicified and crystal-rich and has tight flowage folds. This thick tuff represents the ponded intracaldera facies (Fig. 6) . Lower in the valley is a mesa of canyon-filling Quaternary basalts. The ridge behind the mesa is capped by the Huckleberry Ridge Tuff, underlain successively by the 4.3 Ma tuff of Kilgore, the tuff of Wolverine Creek, and the tuff of Blacktail. 
Stop 2. Meadow Creek Dugway
Walk northwest on the surface of the Huckleberry Ridge Tuff along the rim of the cliff for about l/3 mile. Proceed down a small ravine through an excellent section of the 4.3 Ma tuff of Kilgore. Here the tuff of Kilgore is an outflow facies ignimbrite that is about 11 meters thick (Fig. 10) ; it contains at least three cooling breaks that are marked by internal variations in the degree of welding. Subtle zonations of mineralogy and trace element concentrations occur within the tuff and are further evidence that it was emplaced as several pyroelastic flows in rapid succession. The tuff of Kilgore rests on a thin (10 cm) well-sorted ash, in turn resting on a thin (50 cm) orange, lithic-rich, nonwelded ignimbrite. The ignimbrite is separated from the underlying tuff of Wolverine Creek by a thin (1 cm) paleosol.
Walk back toward the vehicles but continue down the road into Meadow Creek valley. The 2.1 Ma Huckleberry Ridge Tuff fbrmS the rim of the cliff (Fig. 11) and is separated from the underlying 4.3 Ma tuff of Kilgore About 2 miles to the northeast, the Heise cliffs expose a thick section of the Heise volcanics in the uplifted block of the Grand Valley fault. The Heise cliffs are one of the main areas in which the ,stratigraphy of the Heise volcanic field has been established. The great thickness and coarseness of the tuff of Kilgore and the tuff of Blacktail, together with the large number of intercalated rhyolite lava flows, suggest that the Heise cliffs section is located near the overlapping margins of the Kilgore and Blacktail calderas (Pig. 3). It was originally thought that all three major ignimbrites of the Heise volcanic field were present in the Heise cliffs (Morgan and others, 1984) , but more recent paleomagnetic data (Morgan 1988a) show that the tuff of Blue Creek is not present.
The cliffs are capped by a thick section of 4.3 Ma tuff of Kilgore. Three lines of evidence suggest that the tuff of Kilgore was erupted from a source near Heise: (1) the average thickness of the tuff of Kilgore on the Heise cliffs is about 30 meters, (2) the tuff contains coarse crystals and large lithic and pumice clasts and (3) paleomagnetic data (Morgan 1988a ) suggest a source in the Poplar-Heise area. Below the tuff of Kilgore is a sequence of rhyolitic ignimbrites (sheetlike in cross Rest area with toilets and Snake River overlook on the left. On the near (southwest) side of the river, about 12 subaerial basalt lava flows are exposed. These sheetlike flows probably erupted from Snake River Plain sources to the west. Beginning of extensive road cut and descent into Conant Valley. Uppermost volcanic deposits in Conant Valley are subaerial lava flows up to about 3 meters thick, locally overlying or interbedded with palagonite tuffs. Interbedded subaerial lava flows and palagonite tuffs suggest that several vents were concurrently active, some "dry" and effusive and others "wet" and explosive. Conspicuous vertical fractures in the tuffs contain palagonite and calcite. On the sweeping curve to the right, carefully turn off to the right, through the opening in the guard rail and onto the flat graded surface beyond. This is Stop 4 (optional). Continue east on Highway 26 to reach Stop 5. Turn off to the right, onto the narrow shoulder just beyond the end of the guard rail. Walk about 0.1 mile northwest, to the base of the cliff. This is Stop 5.
Stop 4 (optional). Conant Valley Tuff Cone
Basalt deposits in Conant Valley (which we informally refer to as the "Conant Valley volcanics") are a complex assemblage of Pliocene-Pleistocene lava flows, tuffs and fluviatile sediments (Jobin and Schroeder, 1964; Roberts, 1981) . Lava flows from the eastern Snake River Plain and from local sources partially filled the valley, disrupting the drainage of the Snake River. Most eruptions involved the subaerial effusion of lava flows, but local pillow lavas in the valley fill indicate that shallow, impounded bodies of water were present. Primary and redeposited palagonite tuffs also indicate that local explosive eruptions occurred when basaltic magma interacted with shallow ground water or surface water. (We use the term "palagonite" to mean hydrated basaltic glass; it is a yellow-brown mineraloid that often coexists with other alteration products such as calcite and zeolites. Palagonite forms most efficiently in the presence of high-temperature steam during hydrovolcanism, but protracted hydration at lower temperatures also produces interstitial palagonite cement)
Extensive road cuts expose massive and bedded palagonite tuffs of the Conant Valley tuff cone; the exposure at Stop 4 is about 40 meters high. The deposits are planar-and cross-bedded, moderately sorted palagonite tuffs and lapilli tuffs. The juvenile component is lapillisized fragments of basaltic scoria with outer glassy rinds of sideromelane that were quenched during interaction with external water; the smaller, more vesiculated juvenile fragments are entirely palagonitized. Accidental clasts are pebbles and cobbles of (1) quartz arenite (rounded cobbles of Pennsylvanian-Permian Wells Formation, derived from underlying alluvium), (2) cobble-sized, angular, dense tachylitic basalt with large vesicles (derived from older basalt lava flows) and (3) subangular, dense, devitrified rhyolite pebbles (derived from older ash-flow tuffs).
The deposits generally lack the good sorting, planar bedding and sag structures beneath ballistic blocks that are typical of near-vent airfall material. Rather, the bedding structures suggest transport and deposition as sheet wash or grain flows on the steep outer flanks of a tuff cone that was formed when vesiculating basaltic magma erupted through water-saturated alluvial deposits.
Stop 5. Tuffaceous Sediments and Lava Flows of Conant Valley
About 80 meters of tuffaceous sediments and lava flows are exposed along the cliff face. The deposits are divided into three litbologic units for descriptive purposes (Fig. 12) .
Basal deposits (unit 1) are massive, heterolithologic, matrix-supported tuff breccias with palagonitic matrix and clasts of scoria, pillow fragments and accidental rock fragments as described under Stop 4. Subtle variations in grain size and clast proportions suggest numerous lobate depositional units, each a debris flow or mudflow that probably originated by failure and mass flow of watersaturated palagonite tuffs onto the valley floor. Several thin, anastomosing dies of vesicular basalt intrude the tuff breccias and were probably feeders for the lava flows at the top of the section.
Unit 2 is composed of fine-grained, well-cemented, yellow-brown palagonite tuffs and lapilli tuffs (tuffaceous sand and gravel) containing planar beds and lowangle cross beds. Internal unconformities are present and many beds have lenticular cross sections, suggesting fluvial deposition, Planar-bedded, faintly laminated fine tuffs at the top of unit 2 are interpreted as lacustrine I deposits that formed in shallow, standing water behind a natural dam of lava and tuff.
Unit 3 consists entirely of basalt lava flows, emplaced both subaerially and into water. Along the cliff face, sheetlike subaerial pahoehoe flows are intercalated with podlike pillow lavas. Individual flows commonly grade upward from basal pillow lava into subaerially emplaced pahoehoe, suggesting flowage into water that was only a few meters deep. Pillow cross sections are well displayed, with glassy rims, multiple palagonite rinds and interstitial pods of hyaloclastite. Loess deposits cap the volcanic sequence.
Pahoehoe lava flows, pillow lavas and tuffaceous sediments are also the dominant lithologies in road cuts along the next 6 miles of Highway 26 east of here. These exposures suggest that the South Fork drainage was disturbed numerous times by Pleistocene lava flows and tuff constructs, involving erosion or the deposition of coarse fluvial sediments downstream of the natural dams, and the deposition of lake sediments and pillow lavas into the impounded water upstream of the dams. Similar volcanic facies relationships have been reported for other Pleistocene deposits exposed along the canyon of the Snake River on the central Snake River Plain (Malde, 1982) and along the Boise River canyon (Howard * and others, 1982 
MENAN VOLCANIC COMPLEX AND NORTHERN MARGIN OF THE SNAKE RIVER PLAIN Introduction to the Menan Volcanic Complex
The Menan Buttes are known to many geologists because they have been used in topographic map exercises of popular intr#Jductory laboratory manuals; they are outs?anding morphological examples of tuff cones. Stearns and others (1938) first noted the Menan Buttes as conspicuous features on the eastern Snake River Plain, and Hamilton and Myers (1963) did a reconnaissance geomorphic and petrographic study of the buttes. Recent work includes Creighton (1982 Creighton ( , 1987 , Ferdock and Hackett (1986) , others (1987), and Ferdock (1987) . The following discussion is largely adapted from the latter three references.
Six late Pleistocene hydrovolcanic constructs make up the Menan volcanic complex, an assemblage of basalt vents that occurs along a 5-kilometer-long, northwesttrending lineament about 8 miles west of Rexburg, Idaho (Fig. 13) . Tuff cones and tuff rings were formed during the injection of basaltic magma into near-surface, watersaturated alluvial sediments and basalt lava flows of the Snake River Plain aquifer, producing voluminous deposits of palagonite tuff (Fig. 14) . (Fig. 13) . In contrast to the tuff cones, the tuff rings are much smaller and have lower slope angles; the deposits are strongly cyclic and contain abundant accidental quartzite pebbles derived from the underlying permeable alluvium. The tuff rings are dominated by two types of bed sets (Figs. 15 and 16) . Black, planar-bedded, coarse, scoriaceous lapilli tuff bed sets (mostly fall, with minor surge deposits) were formed during relatively "dry vent" violent strombolian eruptions that were driven partly by magmatic gas expansion (vesiculation). Intercalated bed sets of tan, cross-stratified, fine palagonite tuffs (fall and surge deposits) were formed during relatively "wet vent" surtseyan eruptions, driven largely by the flashing of external water to steam (hydrovolcanic explosions).
Since groundwater was probably always available, the alternating strombolian and surtseyan bed sets suggest a fluctuating magma supply, with repeated dike injection into water-saturated alluvium. When actively vesiculating magma was present at the surface, scoriaceous ejecta (strombolian deposits) predominated. When explosions occurred within the alluvial deposits overlying shallow dikes, fine palagonitic ejecta (surtseyan deposits) predominated. Accidental rounded quartzite pebbles are abundant in both varieties of tuff but are more thoroughly fragmented in the strombolian deposits as a result of thermal shock. gravel road that heads northeast, between North and South Menan Buttes. 6.0 Turn left onto unmarked gravel road that heads up the south flank of North Menan Butte. 6.2 Turn around and park along the wide part of the road. This is Stop 7. Walk a short distance west until reaching a gully. Walk up the gully to see excellent tuff exposures and eventually reach the southern crater rim where densely palagonitized tuffs and large ballistic blocks are exposed.
Stop 7. North Menan Butte Tuff Cone
The Menan Buttes tuff cones (Fig. 18) are the largest features of the volcanic complex, with reconstructed volumes of 0.7 (North Menan Butte) and 0.3 (South Menan Butte) cubic kilometer (the volume of Center Menan Butte is unknown). Dense basalt volume equivalents are 0.4 and 0.2 cubic kilometer, respectively (Ferdock, 1987) . The Menan Buttes are among the largest terrestrial tuff cones, with volumes comparable to those of Diamond Head, Oahu (0.6 cubic kilometer; Wentworth, 1926) and Surtsey, Iceland (0.6 cubic kilometer; Thorarinsson, 1967) . crumpled, planar-and cross-stratified, moderately sorted palagonite tuffs with local armored lapilli horizons, suggesting deposition by airfall, pyroclastic surge and sheet wash (Fig. 20) . Distal deposits beyond the cone flanks are fine, planar-laminated palagonite airfall tuffs. Deformation of the wet, cohesive tuffs during or soon after their deposition is indicated by monoclines, complex folds and possible detached slide blocks that are found on the lower flanks of the cones.
Deposits of the North and South Menan Buttes tuff
The monotonous palagonite tuffs of the Menan Buttes cones are monotonous, massive to thin-bedded, tan, tuff cones were formed during protracted, steady-state lithified palagonite lapilli tuffs with minor accidental eruptions of wet basaltic tephra. Hydrovolcanic exploclasts of dense basalt and rounded quartzite pebbles. Nearsions were fueled by steam produced by dike emplacevent deposits (within about 0.5 km from the crater ment into the underlying aquifer. Explosions occurred centers) are massive, poorly sorted, palagonite lapilli above the aquifer, within the tephra-slurry of the central tuffs, suggesting mass emplacement as slurry flows of craters. As a result, accidental lithic clasts are unwet, cohesive tuff. Along the crater rim of North Menan common: on the Menan Buttes tuff cones they comprise Butte, ballistic blocks of accidental basalt up to 1 meter less than 5 volume percent of the deposits, as compared in size occur, and dense palagonite alteration obscures the to more than 50 percent of some deposits on the Little bed forms in the tuff matrix (Fig. 19) . Flank deposits are Buttes tuff rings. (Creighton, 1982) . However, we can find little evidence to support this interpretation and we instead consider them to be in situ erosional remnants. The monoliths contain similar lithologies and structures as the surrounding lower flank, distal facies deposits, and do not appear to have slid from substantially higher elevations near the crater rim. Although some of the tuffs in the monoliths have been deformed into low-amplitude where a sequence of Quaternary and Pliocene basalts and rhyolites are present (Kuntz, 1979) (Fig. 21) . Here, the 2.1 Ma Huckleberry Ridge Tuff overlies the 4.3 Ma tuff of Kilgore. The Juniper Buttes complex is the inferred resurgent dome of the Kilgore caldera (Fig. 3) , source of the tuff of Kilgore. This is suggested by the 3.5 Ma rhyolite of Juniper Buttes, the presence of 4.3 Ma tuff of Kilgore at Juniper Buttes, and the location of the complex relative to the position of the Kilgore caldera as determined from flow direction and facies analyses of the tuff of Kilgore (Morgan, 1988a) . Furthermore, the structural patterns that are present on Juniper Buttes are similar to those described at other resurgent domes such as Yellowstone (Christiansen, 1984) , Timber Mountain dome (Smith and Bailey, 1968; Byers and others, 1976) , and the Redondo dome in the Valles caldera (Smith and Bailey, 1968; Nielson and Hulen, 1984 (Morgan and others, 1984) . Here the rhyolite of Lidy Hot Springs has well-developed spherulites and flow banding. In places, a thin matrix-supported unit containing unsorted blocks of locally derived tuff of Blue Creek and rhyolite of Lidy Hot Springs occurs between the rhyolite of Lidy Hot Springs and the overlying tuff of Kilgore. The tuff of Kilgore here is a proximal facies ignimbrite (Morgan, 1988a; Morgan and Doherty, unpublished data) containing coarse and relatively abundant phenocrysts, multiple ground layer deposits and lithic concentration zones near its base. The ignimbrite grades upward from a tan nonwelded base into a densely welded interior. A well-developed lithophysal zone, characteristic of the tuff of Kilgore, caps the hill on the east side of the road.
Travel and Description from Lidy Hot Springs to Howe Point
From Lidy Hot Springs, proceed west on State Highway 22. About 9 miles from Lidy Hot Springs several large, conical hills occur on the right (west) side of the road. The hills consist of rhyolitic lava flows including the 6.2 Ma rhyolite of Reno Gulch (McBroome, 198 l) , which may represent precaldera effusive volcanism along the margin of the Blue Creek caldera (Fig. 3) , source of the 6.0 Ma tuff of Blue Creek. Alternatively, they may be postcaldera lavas associated with the 6.5 Ma Blacktail caldera.
Continue south on Highway 22. At the intersection with Highway 28, continue on Highway 22 for an additional 14 miles until reaching a stop sign at the intersection with Highway 33. Turn right (west) and pause to look at the southern Lemhi Range to the west.
The nearly horizontal units forming the southern portion of the Lemhi Range are the major ignimbrites of the Heise volcanic field. The view direction is parallel to the topographic rim of the Blue Creek caldera. A major fault runs parallel to Highway 33, and separates a slumped block of tightly folded, intracaldera facies tuff of Blue Creek on the south, from outflow facies tuff of Blue Creek with mostly planar flowage features on the north side of the highway.
Continue west on State Highway 33 approximately 1 mile and park in the turnout on the south side of the road. This is Stop 9.
Stop 9. Howe Point
The southern tip of the Lemhi Range at Howe Point (Fig. 1) contains stratigraphic and structural features that are important in reconstructing the nature of silicic volcanism and associated caldera collapse of the Heise volcanic field. Stop 9 involves short walks to two localities on the north and south sides of Highway 33.
On the north side of Highway 33, a stratigraphic section of Heise volcanic units is exposed at Howe Point (Fig. 22) . The 6.0 Ma tuff of Blue Creek (Richard F. Marvin, written communication, 1986; Morgan, 1988a, b) forms the top of the section. At Howe Point a number of features indicate that the tuff of Blue Creek is a proximal deposit. These features include: (1) the tuff of Blue Creek ignimbrite is relatively crystal-rich; it contains phenocrysts as large as 5 millimeters and lithic rock fragments up to 6 centimeters in size; (2) a relatively thick (1 m) welded, pumice-rich, plinian fall deposit directly underlies the tuff of Blue Creek ignimbrite; (3) zones of autobrecciation, marked by poorly sorted, angular clasts of the tuff of Blue Creek within a white, fine-grained vapor-phase matrix of the same tuff, occur along faults that are interpreted as caldera ring fractures.
Below the tuff of Blue Creek at Howe Point are ash deposits underlain by the 6.5 Ma tuff of Blacktail (Fig.  22) . The tuff of Blacktail also has lithologic features that suggest deposition proximal to source: the ash-flow tuff is coarser in comparison with other exposures farther from the margin of the Snake River Plain.
On the west side of the Lemhi Range below the tuff of Blacktail (Fig. 22) is a light brown to orange soil that is underlain by a sequence of basaltic lavas in turn underlain by a crystal-rich, quartz-and biotite-bearing, nonwelded ignimbrite. This ignimbrite may be correlative with the 7.7 Ma (Kellogg and Marvin, 1988) tuff of Arbon Valley, a similar-appearing and distinctive ignimbrite exposed along the southern margin of the eastern Snake River Plain near American Falls (Trimble and Carr, 1976) . At the base of the exposure at Howe Point, the 12.4 Ma tuff of Lost River Sinks (McBroome, 1981) is exposed.
Cross Highway 33 and climb the small hill on the south side of the road. The hill is a slumped block of tuff of Blue Creek containing tight flowage folds, strong flow lineation and numerous subparallel tension fractures lined with vapor-phase minerals. Deformation of the tuff of Blue Creek in this block was probably a result of its collapse near a caldera ring fracture shortly after emplacement and while the tuff was still plastic. This is supported by paleomagnetic remanence directions that do not vary across secondary flowage features, indicating that plastic deformation occurred while the welded tuff was still above its Curie temperature &IcBroome, 1981; Morgan and others, 1984 
